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Starting	 from	unsubstituted	SubPc	 (1-H)	 and	perfluori-
nated	 SubPc	 (1-F),	 the	 target	 [2]rotaxanes	 were	 synthe-
sized	(Scheme	1).	The	axial	ligand	of	the	central	boron	was	
activated	by	replacing	Cl	with	OTf	using	AgOTf.34	N,N'-di(5-
hydroxypentyl)-1,4,5,8-naphthalene	 diimide35	 was,	 then,	
reacted	 under	 microwave	 irradiation	 to	 afford	 doubly-
capped	axles,	3-H	(9%)	and	3-F	(3%),	and	singly-capped	ax-
les,	3’-H	(40%)	and	3’-F	(12%),	respectively.	The	use	of	ex-
cess	 amount	of	NDI	 caused	 formation	of	3’-H	 and	3’-F	 as	
main	products.	Fortunately,	single	crystals	of	3-H	and	3’-H	
suitable	for	X-ray	diffraction	analysis	were	obtained	(Figure	




the	 case	of	3’-H,	 intermolecular	p-p	 interactions	between	





















les	were	 successfully	 threaded	 through	 the	DN	rings.	The	
threading	was	further	confirmed	by	ROESY,	which	showed	
a	NOE	contact	between	the	NDI	proton	and	the	ethylene	gly-
col	 chain	of	 the	DN	ring	 (Figure	S16).	However,	 in	 the	 1H	
NMR	spectrum	of	5-H,	a	weak,	but	distinct	signal	of	the	NDI	
proton	of	3-H	was	observed	at	8.61	ppm.	Upon	recrystalli-

























threshold	 is	 reasonable	 although	 the	molecular	 shapes	of	
SubPc	and	tris(4-(t-butyl)phenyl)methyl	stopper	are	differ-





troscopy.	 The	 rate	 constant	 can	 be	 estimated	 from	Equa-
tions	(1)−(4).38	
	
𝐀+ 𝐑𝐢𝐧𝐠	 ⇄ 𝐑	   (1) 
𝑿 𝐥𝐧𝒀 = 𝒌𝒐𝒏𝒕   (2) 
𝑿 =	 𝒄𝐞
𝒄𝟎𝟐$𝒄𝐞𝟐






















ping-on	process.	 Eyring	plot	 analysis	was	 also	performed	
for	both	slipping-on	and	slipping-off	processes,	and	the	ac-





3b,	 c	and	Table	1).	The	Gibbs	 free	energy	of	 the	 reaction,	
∆𝐺*+,-./	1∘ ,	was	estimated	to	be	−2.6	kcal	mol−1	(Table	2	and	
Figure	 4).	 These	 small	 ∆𝐺*+,-./	1
‡ 	and	 ∆𝐺*+,-./	1∘ 	values,	
which	corresponds	 to	 the	small	∆𝐺*33,-./	1




‡ 	are	kinetic	 terms	relating	to	 the	
size	effects	of	the	SubPc	stopper.	Considering	that	the	per-




‡ 		 values.	 The	∆𝐺*+,-./	1∘ 	value	 is	 a	


















T	/	K	 kon	/	M−1s−1	 koff	/	s−1	 Ka	/	M−1	
298	 2.79	×	10−3	 3.04	×	10−5	 91.5	
308	 5.80	×	10−3	 1.14	×	10−4	 50.7	




























polarity	 scale	decrease	 the	∆𝑆*+∘ 	value	because	 the	donor-



































energies	 of	 activation	 for	 the	 slipping-on	 and	 slipping-off	
were	determined	to	be	19.5	and	22.1	kcal	mol−1.	This	work	





molecular	 design	 of	 rotaxane-based	 charge-transfer	 sys-
tems,	indicating	high	potential	of	SubPc	in	terms	of	not	only	
a	 useful	 stopper	 for	 rotaxane	 synthesis	 but	 also	 its	 func-
tions.	
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